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As was shown before (Gurzadyan and Kocharyan, 1992, 1993ab) the sta- 
C i tistical properties (exponential mixing) of motion of CMB photon beams in 

Friedmann Universe ^vith negative curvature can have definite observable 
consequences including the decrease of the CMB anisotropy amplitude after 
cn , the last scattering, distortion of images on CMB sky maps. Here we consider 

-^ I one more consequence concerning the behaviour of temperature autocorrela- 

^ ■ tion function C{6,(3), where 6 is the modulation (separation) angle, and /? the 

22 ■ observing beam effective angle. We prove that in the Universe with negative 

;»— ^ I curvature any spectrum of perturbations at last scattering epoch becomes 

a scale-invariant by present time. It is also predicted that the temperature 
^-p . autocorrelation function should increase w^hile obtained from measurements 

Qs I with small beam sizes within some mixing beam angle. 
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The discovery of anisotropy of the Cosmic Microwave Background radiation by Cos- 
mic Background Explorer (COBE) announced the beginning of far more informative 
studies on the evolution and the present structure of the Universe. The first and most 
popular viewpoint of COBE and other available data concerning in particular the tem- 
perature autocorrelation function C(^, /3) was the support of Harrison-Zeldovich scale- 
invariant spectrum of initial fluctuations and hence of inflationary scenario (Smoot et 
al., 1992; Hancock et al., 1994). 

Below we consider another possible interpretation of the same data, namely as indi- 
cation of the negative curvature of the Universe. Our approach is based on the studies 
on properties of photon beam motion in Friedmann-Robertson- Walker Universe with 
k = —1, which can be reduced to the problem of the behaviour of correlation function 
of geodesic flow on 3-manifold with negative constant curvature. In particular the study 
of the exponential decay of correlation functions in the context of CMB problem has led 
to the prediction of the following observable effects (Gurzadyan and Kocharyan, 1992, 
1993ab): a) decrease of CMB anisotropy after the last scattering epoch depending on 
the value of the density parameter fi; b) distortion of images of anisotropy structures 
on CMB maps; c) possibility of measuring of similar properties of CMB photon beams 
arriving from regions having no causal connection. 

The first effect as follows from the calculations (Gurzadyan and Kocharyan, 1992, 
1993a), can lead to a damping of 6T/T since last scattering epoch, z = 1000, up to 
the present time by a rather significant factor depending on 0, (up to 100 — 1000 at 
0~ 0.1 -0.3). 

The second effect can lead to complex-elongated structures of the constant tem- 
perature curves on CMB maps. As a simplified indicator, the degree of elongation, 
if measured on CMB maps can give the present value of 0, by the formula derived in 
(Gurzadyan and Kocharyan, 1993b). The preliminary statistical analysis of COBE- 
DMR maps (Gurzadyan and Torres, 1993) does reveal existence of elongated shapes; if 
attributed to the described effect the results indicate fi = 0.2 — 0.4; special pattern- 
recognition code was developed for that study (Torres, 1993) to distinguish from other 
map properties (Martinez-Gonzalez and Cayon, 1993). The third effect, equivalent to 
the fact that two ink drops are mixing in a cup of water in the same manner without 
requiring information on each other, removes the mystery of the horizon problem. 

All these three effects occur only in Friedmann Universe with negative curvature (i.e. 
they disappear if either k = or k = +1), and therefore can be of particular importance 
for probing of this principal property of the Universe. 

Evidently nothing is happening to any individual photon during free propagation 
after the last scattering, and these effects are purely statistical and are determined by 
the principal limitations of obtaining information during measurements, i.e. by the 
impossibility of reconstruction of the trajectory of given photon while observing within 
finite smoothing angle due to the overlapping of exponentially deviating geodesies in any 
cut of phase space. This situation of loss of information can be described via random 
sequences of Kolmogorov (1969) and Chaitin (1992). 

Below we consider another aspect of the problem of exponential decay of correlators 
of geodesic flow having particular observational consequences concerning the properties 
of temperature autocorrelation function C{6,P) (Silk, 1992). 

Our present study is essentially determined by recent rigorous results on the correla- 
tion functions of geodesic flow on 3-manifold with negative curvature (Pollicott, 1992). 
Geodesic flow on d-dimensional manifolds with negative curvature has been object of 



intense studies rather long time, since Hadamard (1898), Hedlund, Hopf (30ies) up to 
fundamental results by Anosov and others. In particular, it was proved that geodesic 
flow on closed (compact, without boundary) manifold with negative curvature is Anosov 
system (Anosov, 1967), is possessing the strongest chaotic properties (e.g. mixing of all 
degrees), with positive Kolmogorov-Sinai (KS) entropy. Rather informative characteris- 
tics of any dynamical system are the correlation functions, in particular the law of their 
decay, though the obtaining of rigorous results for each given system usually requires 
great efforts and in fact for only a few classes of dynamical systems results on correlation 
functions exist up to date. The new result (Pollicott, 1992) being of remarkable interest 
for us reads: the correlation function 

&Ai,A2(A)=/ Ai o f^ . A2d^x - ( Aidfi f A2dfi 

JSM JSM JSM 

of the geodesic flow {/ } on the unit tangent bundle SM of the Riemann 3- manifold M 
with negative constant curvature decreases by exponential law, namely for all functions 
Ai,A2 G LP'{SM) but a finite-dimensional space in Lp'{SM) there exists c > such that 

|6A,A,(A)|<c-|6A„A,(0)|-e-"\ (1) 

where /U is the Liouville measure and fi{SM) = 1, h is the KS-entropy of the geodesic 
flow {/^}. 

We now take up the question of how one describes the free motion of photons in the 
41)- World (for details see (Gurzadyan and Kocharyan, 1993a)). To make matters more 
simple we will only consider a Friedmann 41)- World W, decomposed into a homogeneous 
SD-Universe characterized by some coordinates x, evolving with respect to the cosmic 
time t. Thus each event in the World can be assigned unique space-time coordinates 
{x,t). One can then project any trajectory 7 from the World W into the Universe U 
simply by associating to 7(A) = (x(A),t(A)) the curve c(A) = x(A). It turns out that null 
geodesies in the World project onto geodesies in the Universe with new affine parameter: 

> / N 1 ds 
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The latter relates to the problem of "internal time" of the X-systems in cosmology 
considered initially in (Lockhart et al., 1982). As it can be easily shown by means of the 
formulae in (Peebles, 1993; Gurzadyan and Kocharyan, 1993a), the degree of smoothing 
of anisotropy 6T/T in post-scattering epoch is determined by the KS-entropy h and affine 
parameter A which depend on the parameters of the Universe. For the matter-dominated 
Universe one has 



e'^^ = (1 + zf 



l + ^/T^^ '^ 



(2) 



For z ^ U ^ one may obtain 



(1 + yr^y 



e'' - ""^;r"^ • (3) 



Here our aim is to investigate the behaviour of the temperature autocorrelation function 
C{d,f3) using properties of the correlation function of the geodesic flow {f^}- 
One may readily see that if 

Ai(n)=T(n)-l = ^-l, 



and 

M{u) = '' - 1 , 

/x(/C(w)) 
where T{u) is the real temperature at decouphng time at u E SM, 

Tdfi , 

SM 

IC{v) C SM is a beam of detected photons at t; G SM, and Xic{v) is the characteristic 
function of the set fC{v), then normahzed "measured" temperature at point u at A defines 
as follows 

'^^(^) = 77F7;;TT / To/^d^ = l + 6^^,^,(A). (4) 

fJ,{K^[u)) Jfc{u) 

Therefore one may using Eqs. (||), (^) arrive at the following inequality 



\Tx{u)-l\ <c-\To{u)-l\ 
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i + ^/r^n 
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Thus we see, that for any u, i.e. at any space point in any sky direction, the "measured" 
temperature tends to the constant mean temperature, i.e. the isotropic state is the final 
state. 

For normalized temperature autocorrelation function 

Cx{0,P) = {Tx{u)Tx{v))g^^^^)=^o,e , (5) 

the following inequality holds 



\Cx{e,(3)-i\<c-\Co{e,i3)-i\ 



{i + zy 






The following conclusion immediately follows from this formula : 

Temperature autocorrelation function C{6,P) is almost constant with respect to 6 at 
the present time regardless on the initial perturbations at z ^ 1000. 

Numerically the effect determined by Eq. (0) as was mentioned above is large enough 
for CMB photons (Gurzadyan and Kocharyan, 1993a), to reveal it during the evolution 
of the Universe due to negativity of curvature of the Universe. 

Compare this conclusion with COBE-DMR and other available data. The scale in- 
variant spectrum is considered as the essential feature of those data and is interpreted 
as confirmation of Harrison-Zeldovich spectrum of initial perturbations at the last scat- 
tering epoch. Here we proved that in Friedmann Universe with k = —1 any spectrum 
should become nearly scale invariant since last scattering surface. 

Using Eq. (^ and the fact that the geodesic flow is an Anosov system one may show 
that there exists an angle (f) such that smoothing factor s of 5T/T{f3) is almost constant 
if either /? ^> (^ (s ~ e"'^'^) or /3 <C (s ~ 1), and increases as /3 is decreased at /? ~ c;/) 
by the law s ~ const/ (3 ■ e~ . 

One can explain this result and the content of the smoothing angle (j) as follows. As 
we have mentioned above, the smoothing of CMB is a statistical effect due to the loss of 
information during the measurements while averaging within some beam size. Therefore, 
the more narrow is the beam size (pencil-beam), the less information is lost at smoothing 
in terms of the temperature autocorrelation function. Maximal information, e.g. the 



anisotropy corresponding exactly the last scattering surface should be obtained while 
measuring by beams within some mixing angle (p; measurements on small angles should 
not influence the autocorrelation function which should be determined solely by physical 
conditions of the last scattering surface (its thickness, the Silk effect, etc). 

The results of at least two experiments with smaller beam size than COBE, the 
MAX (Gundersen et al., 1993), 5T/T < 4.2 • 10"^ with beam size 0.5° and ARGO 
(De Bernardis et al., 1993), 1.6 • 10"^ < 6T/T < 2.6 • 10"^ beam size, 0.8°(52'), show 
reliable increase of anisotropy compared with COBE and therefore seem to support 
our prediction; somewhat less supporting is the result of South Pole ACME experiment 
(Gaier et al., 1992), 6T/T < 1.4-10"^, with 1.5° beam size. Evidently more accuracy and 
statistics is needed to distinguish our prediction from, say Doppler shift and predictions 
of certain CDM galaxy formation models. 

This prediction, therefore indicates a way to obtain the sign of the curvature of the 
Universe, the real anisotropy at the last scattering epoch as well as the present value of 

n. 

To summarize, the effects we are considering are model- independent, i.e. they do not 
depend on dark matter models, initial fluctuations, etc. The effects should appear if the 
Universe is Friedmann - homogeneous and isotropic, and has negative curvature. One 
has a real possibility of getting information directly on the curvature of the Universe, 
since the effects disappear at A: = and A; = +1. 
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